Background: Chronic Fatigue Syndrome, also known as Myalgic Encephalomyelitis (CFS/ME), is a debilitating condition that presents with a range of symptoms, including fatigue, cognitive dysfunction, muscular and joint pain, and may be immune-mediated. In particular, patients exhibit abnormal cytokine expression. Similarly, in Multiple Sclerosis (MS), patients display neuroimmunological symptoms, and abnormal cytokine expression, with some overlap in symptomology with CFS/ME. The purpose of this study was to compare Th1, Th2, Th17 cytokines, inflammatory cytokines and chemokines, in healthy controls, CFS/ME and MS patients. Methods: Serum samples were collected from healthy controls (n = 16, mean age = 50 ± 11.85 years), CFS/ME patients (n = 16, mean age = 49.88 ± 9.54 years) and MS patients (n = 11, mean age = 52.75 ± 12.81 years). The concentrations of 27 cytokines (IFN-γ, TNF-α, IL-12, IL-2, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-5, IL-17, IL-1ra, IL-7, IL-8, IL-9, eotaxin, IP-10, MCP-1, MIP1α, MIP1β, PDGF-bb, RANTES, basic FGF, GCSF, GMCSF, VEGF and IL-15) were measured using a Bio-Plex Pro™ kit. Results: IFN-γ, IL-10 and IL-5 were significantly higher in the serum of both CFS/ME and MS patients compared to the healthy controls (p ≤ 0.041). However, only the MS patients had significantly elevated levels of IL-12, IL-1β, IL-4, IL-13, IL-6, IL-17, IL-1ra, IL-7, IL-9, eotaxin, IL-10, MIP1α, basic FGF, GCSF and VEGF compared to the CFS/ME patients and controls (p ≤ 0.04). There were no significant differences between groups for IL-8, MCP-1, MIP1β, RANTES, GMCSF, TNF-α, and IL-2. Conclusion: CFS/ME and MS patients both displayed abnormal cytokine levels, with dual expression of Th1 and Th2 cytokines. Further research into cytokines such as IFN-γ, IL-10 and IL-5, with the use of a specific CFS/ME N. Wong et al.
Introduction
Chronic Fatigue Syndrome (CFS/ME) is a debilitating illness described as fatigue lasting more than 6 months, accompanied by various symptoms including cognitive difficulties, sore throat, muscle or joint pain, and headaches [1] . As CFS/ME patients commonly present with symptoms that indicate immune response abnormalities, such as flu-like symptoms, cytokine expression has been an area of interest for researchers. Cytokines are important in the function, activation and suppression of immune cells [2] , and hence abnormalities in their expression may affect immune cell function. Earlier cytokine studies of CFS/ME have shown contradictory results, with observations of both significant differences and no significant differences in cytokine levels in serum [3] - [5] . Significant upregulation of Th2 cytokines such as IL-4, IL-5, IL-10 and IL-6 has been reported [6] - [10] ; conversely other studies have reported increased levels of Th1 cytokines including IFN-γ, TNF-α, IL-2, IL-12, and IL-1β [6] [8]- [12] .
Multiple Sclerosis (MS) is a chronic disease targeting the central nervous system and believed to be immunological in nature, resulting in demyelination in the brain and spinal cord, particularly in the white matter [13] . Common symptoms include visual impairment, sensory symptoms, weakness, impaired balance and fatigue. Later in the disease impairment of higher cognitive functions is common. MS can present in relapsing-remitting form, where periods of relapse, characterized by worsening of disease symptoms are followed by periods of recovery. Acute and chronic pain can be a feature of MS [14] - [16] . The profiles of Th1, Th2, Th17 cytokines, as well as other cytokines and chemokines, have also been investigated in MS; however studies have yielded inconsistent results. IFN-γ has been found to be contributory in the disease pathophysiology of MS, as its administration has been associated with relapse and exacerbation of symptoms [17] [18] . TNF-α expression is thought to be correlated with disease severity, with TNF-α levels increasing throughout the clinical course of MS [19] [20] . High levels of IL-4 have been observed in both acute relapses and in remission in MS [21] [22] , with increased secretion also being observed [23] . Elevated serum levels of IL-6 have been observed in MS patients [24] [25] . Studies involving IL-10 have indicated an influential role of IL-10 in the recovery of MS, with levels decreasing during periods of relapse, and increasing when patients are in remission [26] - [29] .
Cytokine expression abnormalities are exhibited in both CFS/ME and MS, with dual expression of Th1/Th2 cytokines. However, previous studies of cytokines in CFS/ME have been inconclusive. The objective of this study therefore is to investigate and compare the cytokine profiles of healthy controls, CFS/ME and MS patients.
Methods

Participants
A cross-sectional case-control study design was used, and samples were obtained from a previous large prospective cohort study. Ethics approval was granted by the Griffith University Human Research Ethics Committee (EC00162), reference number MSC 22/12/HREC. A participant information sheet was provided and written consent was obtained from all participants. CFS/ME patients were classified using the ICC definition [1] . MS patients met the 2010 revision of the McDonald criteria [30] and assessed by a consultant neurologist.
Measurement of Cytokines
A Bio-Plex Pro™ kit (Bio-Plex Pro Human 27-plex Assay, Bio-Rad, Hercules, CA, USA) was used to measure serum cytokine concentrations of 27 cytokines, as per manufacturer's instructions. Cytokines IFN-γ, TNF-α,  IL-12, IL-2, IL-1β, IL-4, IL-6, IL-10, IL-13, IL-5, IL-17, IL-1ra, IL-7, IL-8, IL-9, eotaxin, IP-10, MCP-1, MIP1α, MIP1β, PDGF-bb, RANTES, basic FGF, GCSF, GMCSF, VEGF and IL-15 were assessed in duplicates. Serum was acquired from peripheral whole blood, diluted by a factor of 1:4, and then incubated in a 96-well plate for 30 minutes with capture antibody-coupled magnetic beads. During the incubation the plate was sealed and protected from light with aluminum foil, and placed on a shaker at 850 ± 50 rpm. The plate was then washed with buffer using a Bio-Plex Pro wash station. The plate was then incubated with biotinylated detection antibodies for 27 cytokines as previously mentioned for 30 minutes. After washing, 1× SA-PE florescence was added and the plate was incubated for 10 minutes. The plate was then washed and assay buffer was added to the wells to re-suspend the magnetic beads. The plate was incubated for 30 seconds prior to analysis. Bio-Plex MAGPIX software was used to assess the concentration of the 27 cytokines.
Statistical Analysis
Results were statistically analysed using SPSS. Duplicated measurements were averaged, and outliers were excluded [31] . For data that was normally distributed ANOVA was used to assess significant differences between control, CFS/ME and MS patients for each cytokine. The Post hoc tests used were Bonferroni for homogeneity of variances, and Games-Howell where there was heterogeneity of variances. For data that was not normally distributed, Kruskal-Wallis test was used to find significant differences, and the Mann-Whitney U test was used to find significant differences between the groups. Criterion of significance was set at an alpha level of p ≤ 0.05.
Results
Patient Demographics
The mean (±standard deviation) ages for the healthy controls, CFS/ME patients, and MS patients were 50 ± 11.846, 50 ± 9.542, and 58 ± 11.990 years respectively ( Table 1 ). There was no significant age difference between the three groups. Female participants percentages were 50%, 68.8%, and 72.7% respectively.
MS patients were further categorized by disease subtype and current treatments (see Table 2 ). MS patients were predominantly relapsing-remitting patients (63.6%), and 18.2% were secondary-progressive patients. IFN-β was the most common treatment, used by 54.5% of MS patients, while 36.4% of MS patients were not undergoing therapeutic treatment. CFS/ME patients are often undergoing therapeutic treatment to manage their symptoms. Medications taken by CFS/ME patients were divided into categories (see Table 3 ) including anti-inflammatory, anti-microbial, anticonvulsants, psychoactive drugs (which comprised anti-depressants, and anti-anxiety medications), analgesics, natural supplements and vitamins, and other (blood pressure medications, anticoagulants, or digestive medications).
Analysis of Th1 Cytokine
T helper (Th) 1 cytokines assessed included IFN-γ, TNF-α, IL-12, IL-1β and IL-2 (see Figure 1) . For IFN-γ, CFS/ME patients had significantly higher serum levels than controls (p = 0.041), and MS also had significantly higher serum levels compared with control (p = 0.002). There was a significant difference between CFS/ME and MS (p = 0.006). There was no significant difference in level of TNF-α between groups. IL-12 and IL-1β were both significantly higher in MS (p ≤ 0.021) than in CFS/ME and control. IL-2 was not significantly different between groups.
Analysis of Th2 and Th17 Cytokine
Th2 cytokines that were assessed included IL-4, IL-6, IL-10, IL-13, and IL-5 (see Figure 2) . Serum IL-4 and Figure 2 . Comparison of serum Th2 and Th17 cytokines in healthy controls, CFS/ME patients, and MS patients. (a) IL-5 was significantly different across groups, with CFS/ME and MS patients exhibiting significantly elevated serum levels (p ≤ 0.001); (b) IL-10 was also significantly different across groups, with CFS/ME and MS patients exhibiting significantly elevated serum levels (p ≤ 0.001); (c) IL-4 was significantly elevated in only MS patients (p ≤ 0.001); (d) IL-6 was significantly elevated in MS patients (p ≤ 0.049); (e) IL-13 was significantly elevated in MS patients (p ≤ 0.001); (f) IL-17 was significantly elevated in MS patients (p ≤ 0.033). * Denotes a statistically significant difference where p ≤ 0.05, ** Denotes where p ≤ 0.01, and *** Denotes where p ≤ 0.001. Data is represented as mean ± SEM in pg/mL. CFS/ME = Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; MS = Multiple Sclerosis; IL = interleukin, SEM = standard error of the mean. IL-13 was significantly elevated in MS compared with CFS/ME and control (p ≤ 0.001), and CFS/ME and control were not significantly different. IL-6 was also significantly higher in MS patients compared with control (p = 0.049), with no significant difference between MS and CFS/ME patients, and CFS/ME and control groups. However for IL-10, CFS/ME and MS patients were both significantly elevated compared to the control (p ≤ 0.001), with no significant difference between the two groups. IL-5 was also significantly higher in both MS and CFS/ME compared with controls (p ≤ 0.001), although there was no significant difference between these two groups. IL-17 was significantly different in MS patients compared to CFS/ME (p = 0.001) and control (p = 0.033) groups.
Analysis of Other Cytokine
MS samples also had significantly higher levels of IL-1ra, IL-7, IL-9, eotaxin, IP-10, MIP1α, basic FGF, and GCSF (p ≤ 0.035), while CFS/ME and control samples were not significantly different (see Figure 3 ). There was no significant difference between the three groups for IL-8, MCP-1, MIP-1β, PDGF-bb, RANTES, VEGF and GMCSF serum levels.
Analysis of Effect of Medications
In order to test the effect of MS therapeutic treatment on serum cytokine levels, ANOVA and Bonferroni post hoc tests were performed between drug groups for each cytokine. There was no significant difference between MS patients undergoing treatment compared with no treatment for any of the cytokines tested. Similarly, the medications for CFS/ME patients were analysed, with no significant effect found.
Discussion
This study simultaneously compared the cytokine profiles of healthy controls, CFS/ME patients and MS patients, and found significant differences in IFN-γ, IL-10, Il-5, IL-12, IL-1β, IL-4, IL-13, IL-6, IL-17, IL-1rα, IL-7, IL-9, eotaxin, IL-10, MIP-1α, basic FGF, GCSF and VEGF. CFS/ME and MS patients both exhibited significantly elevated levels of IFN-γ, IL-10 and IL-5, while MS alone exhibited significantly elevated levels of IL-12, IL-1β, IL-4, IL-13, IL-6, IL-17, IL-1rα, IL-7, IL-9, eotaxin, IL-10, MIP-1α, basic FGF, and GCSF. This comparison with MS may assist in the investigation of the pathophysiology of CFS/ME, as well as contribute to the determination of potential biomarkers for CFS/ME.
Th1 Cytokines
IFN-γ plays an immunoregulatory function, enhancing antigen-presentation to lymphocytes and natural killer (NK) cell cytotoxicity [32] , and is primarily produced by Th1 cells and NK cells [33] . Production of IFN-γ is usually triggered by antigen presentation, and can be stimulated by IL-2 and IL-12, as well as external stimuli such as viral or bacterial infection [33] . Expression of IFN-γ largely promotes the differentiation of Th1 cells [34] . CFS/ME patients exhibited significantly elevated levels of IFN-γ, suggesting Th1 skewing, and supporting previous findings [8] [9] , while other studies found no significant difference in IFN-γ [6] [10] . Elevated IFN-γ levels may suggest an increase in NK cell activation. It has been suggested that an increase in IFN-γ may be a result of increased effort to activate NK cells, as numerous CFS/ME studies have found significantly reduced NK cell cytotoxic activity [8] [35]- [38] . MS patients also exhibited significantly elevated levels of serum IFN-γ in this study. In experimental autoimmune encephalomyelitis (EAE), the animal model of MS, IFN-γ has been associated with disease initiation [39] . IFN-γ has also been associated with periods of relapse and worsening of disease symptoms in numerous MS studies [17] [18], indicating a pathological role for IFN-γ in MS. Intriguingly, IFN-γ is associated with fatigue and depression in MS [40] , and IFN-γ may contribute in a similar way to the pathophysiology of CFS/ME. IL-1β, a potent inflammatory cytokine, was significantly elevated in MS patients compared to CFS/ME patients and controls. Previous research has demonstrated elevated levels of IL-1β in cerebrospinal fluid correlated with cortical lesion load in MS patients [41] , and the cytokine is believed to trigger oligodendrocyte and neurodegeneration [42] . Previous CFS/ME studies also found no significant difference from healthy controls for IL-1β [3] - [5] . However elevated serum levels have also previously been found in CFS/ME [10] . It could be proposed that IL-1β may be the source of some cognitive dysfunction and cortical lesions in CFS/ME patients, as with MS patients, and cerebrospinal fluid levels of CFS/ME patients may be informational.
IL-12 was also significantly elevated in MS patients compared to CFS/ME patients and controls. IL-12 is a pro-inflammatory cytokine which affects the differentiation of Th1 cells and plays an influential role in NK cell activity [43] . The findings of this study complement findings in previous CFS/ME studies [9] [10]. However some other studies have previously found elevated levels in CFS/ME compared to controls [6] [8] . As results have been mixed, it is still unclear as to the role that IL-12 may play in the pathophysiology of CFS/ME, however its elevation could also contribute to NK cell dysfunction, as well as influence the disruption of the Th1 and Th2 cytokine balance. In MS it has been suggested that IL-12 has a pathological role in the initiation of MS, with up regulation of IL-12 present in human MS lesions [44] .
MS patients exhibited elevated levels of IFN-γ, IL-1β and IL-12, indicating a state of inflammation. IL-12 may be influencing the release of IFN-γ from NK cells, and IFN-γ is likely contributing to migration of immune cells to the CNS. IL-1β may be further contributing to disease progression in MS patients. CFS/ME patients ex-hibited abnormal levels of IFN-γ, independent of IL-12 elevation. This may be either contributory or compensatory to the reduced NK activity observed in in CFS/ME patients.
Th2 and Th17 Cytokines
IL-10 was significantly elevated in both CFS/ME and MS patients. Previous studies have also found elevated levels of IL-10 in CFS/ME patients [8] [9] . There is evidence that IL-10 stimulates NK cell activation [45] . As mentioned previously, NK dysfunction is a consistent feature of CFS/ME. Hence the elevated levels of IL-10 in CFS/ME patients may be a consequence of NK dysfunction. It has been demonstrated that IL-10 production increases before and during remission in MS, and therefore the administration of IL-10 has been explored as a treatment option [46] . IL-10 is also secreted by Tregs upon stimulation by IL-2 [47] . In CFS/ME, elevated numbers of Tregs have been observed [48] [49] , and high expression of Foxp3, which plays an important role in the development and function of Tregs, has also been observed [9] . This suggests that elevated levels of IL-10 may occur as a result of increases in Tregs, as Tregs are induced by and produce IL-10 [50] . Additionally a study examining spinal fluid abnormalities in CFS/ME patients reported elevated levels of IL-10 in CSF [51] . This may indicate inflammation in the CNS of CFS/ME patients. MS studies have also revealed dysfunctional Tregs in the CNS [52] - [54] , which may be linked to the abnormal IL-10 levels. However in previous MS studies, levels of IL-10 were significantly decreased in patients, particularly those with high disease severity [55] - [57] . This suggests that MS patients in this study were not or are not currently experiencing high symptom severity, contradicting the presence of IFN-γ. This may be due to the IFN-β treatment of MS, as it has been demonstrated that this causes increased IL-10 production [58] .
The differentiation of naive B cells into antibody secreting plasma cells is profoundly influenced by IL-5, which is produced by Th2 and NK cells [59] . The elevated levels of IL-5 have been previously observed in CFS/ME patients [6] [10] . Similarly, B cells have been previously implicated in CFS/ME [60] . It has been suggested that depletion of B cells by Rituximab in CFS/ME patients results in repopulation of normalized B cell subsets, resetting the B cell compartment [61] . Furthermore, CFS/ME patients may have higher populations of transitional and naive B cell subsets, and in some cases reduced plasma B cells [61] . B cells are also important in MS. The discovery of autoantibodies against neuronal tissues indicates a pathogenic role of B cells in MS [62] . Additionally, treatment of MS patients with Rituximab reduced lesions and clinical relapses [63] . IL-5 has been associated with eosinophilic diseases such as asthma and allergies [64] . Importantly, there has been evidence of eosinophil activation in CFS/ME patients in the form of elevated eosinophil cationic proteins in the serum of CFS/ME patients [65] . EAE lesions are typically present in the spinal cord and optic nerves with large recruitment of granulocytes and eosinophils to the lesion sites [66] , which may be associated with the elevated IL-5.
IL-4 stimulates antibody secretion by B cells and B cell proliferation and is a major regulatory cytokine [67] . MS patients exhibited significantly elevated serum levels, supporting previous findings [21] [22] [68]- [70] . CFS/ME patients demonstrated no significant difference in serum levels, as was also found in a previous study [9] . However previous research has also reported significantly elevated levels and production of IL-4 [6] [10] [71] . IL-13 is a T cell derived cytokines responsible for IgE class switching of B cells and inhibition of inflammatory cytokines [72] . CFS/ME patient samples were not significantly different from controls, however previously significantly decreased serum levels of IL-13 have been reported in CFS/ME [6] [10] . MS patients exhibited significantly elevated levels of IL-13 in serum samples compared to controls, which has also been previously reported [73] - [75] . IL-17 is secreted by Th17 cells, and is believed to induce the secretion of IL-6, IL-8, and GCSF, and may affect NK cell function [76] - [78] . Contrary to what was found in this study, decreased levels of IL-17 compared to controls have been observed in CFS/ME previously [8] , however other studies also confirm the finding of no significant difference [6] [9] [10] . MS patients however exhibited significantly elevated serum levels of IL-17, supporting previous research [79] [80] . This was expected as it is well accepted that IL-17 plays an integral role in the pathophysiology of MS due to its high concentration in MS lesions and its role in EAE [76] . Lastly IL-6 is a multi-functional cytokine, acting as a B cell differentiation factor as well as an immune regulator and a facilitator of inflammation and the acute phase response [81] . Compared to healthy controls, CFS/ME patient serum levels of IL-6 were not significantly different, as found previously [11] [82] . However, other studies also found elevated levels of IL-6 in CFS/ME patients [6] [7] . In MS patients IL-6 was significantly elevated, confirming the findings of other previous studies [24] [25] .
The significant alteration in IL-10 present in both CFS/ME and MS patients indicates a struggle to suppress overactive immune responses. Additionally, elevated levels of IL-5 in both conditions suggest a Th2 cytokine profile, and may serve to compensate for elevated Th1 cytokines levels and inflammation present in both CFS/ME and MS. In CFS/ME patients, IL-5 may be released by NK cells concurrently with IFN-γ. Additionally, IL-5, IL-4, and IL-6 may be contributing to pathogenic B cells in MS, through activation of B cell differentiation and antibody secretion. The elevation of IL-17 is indicative of Th17 involvement in MS pathology.
Other Cytokines and Chemokines
MS patients also exhibited elevated levels of IL-1rα, IL-7, IL-9, eotaxin, IP-10, MIP1α, basic FGF, and GCSF. IL-1rα polymorphisms are been detected in genetic studies of MS patients [83] . IFN-β treatment is believed to elevated serum levels of IL-1rα [84] , hence the elevated levels may be due to IFN-β treatment received by patients in the study. Similarly elevated IL-7 is a marker for IFN-β treatment responsiveness [85] . Th2, Th17 and Tregs are responsible for the production of IL-9 [86] , and neutralization of IL-9 by antibodies attenuates EAE [87] . Studies into eotaxin, an activator for eosinophils, have shown both elevation and decreased levels in the CSF of MS patients [88] [89] , and suggested it is associated with MS relapse [90] . IP-10 influences angiogenesis and chemotaxis of a range of cells, including NK cells, T cells, macrophages and microglial cells [91] . Both IP-10 and its receptor have been detected in MS lesions [92] , and elevated levels of IP-10 have been detected in MS serum [93] . It is believed that IP-10 plays a role in the recruitment of immune cells to lesions. MIP-1α is also responsible for recruitment of immune cells including T cells, NK cells and macrophages, as well as stimulation of degranulation and phagocytosis [94] . MIP-1α may also play a role in the recruitment of immune cells to lesions in MS [95] . The role of basic FGF in MS is debated, as there is evidence of it inhibiting remyelination in MS lesions [96] and contribution of recruitment of immune cells [97] , as well as evidence of basic FGF exhibiting neuroprotective functions in EAE [98] . Lastly GCSF stimulates the production and maturation of granulocytes [99] . Elevation of GCSF is believed to contribute to increased number of primed neutrophils in MS [100] [101]. In this study CFS/ME patients did not exhibit any significant differences from controls for any of the above-mentioned cytokines, however previous research in CFS/ME of these cytokines is sparse with little to compare to. Further research to should conducted to verify these findings.
MS patients have exhibited elevated levels of chemotactic factors eotaxin, IP-10, and MIP-1α suggest high migration of macrophages, T cells, B cells, and NK cells. As MS is a neurodegenerative disease, these immune cells are likely migrating towards the CNS. Hence these results suggest that patients may be in a state of relapse, with further recruitment of immune cells and potential worsening of disease. CFS/ME patients did not exhibit abnormal levels of these chemokines, indicating that chemotactic driven migration of immune cells was not present in these patients. CFS/ME patients also did not exhibit changes in growth factor production, unlike MS patients whose elevated expression may be compensatory to neural damage.
Expression of Th1 and Th2 cytokines were observed in both CFS/ME and MS. Th2 cytokine elevations may be a compensatory response to an overactive immune reaction. The findings of this study implicate widespread immune dysfunction in CFS/ME, through abnormal IFN-γ, IL-10 and IL-5 serum levels. Immune dysfunction may involve NK cells, Tregs, B cells and eosinophils, with potential similarities to MS pathophysiology. These provide potential areas for future research. However, many cytokines have not been sufficiently researched in CFS/ME outside of this study, and so further research should be conducted to investigate the roles of these cytokines in CFS/ME. The cytokines that were abnormally elevated in MS patients were consistent with those associated with disease, and are indicative of high disease severity. However, some of the elevations of cytokines may have been influenced by IFN-β treatment.
Conclusion
In conclusion, this study has reported expression of Th1 and Th2 cytokines in CFS/ME and MS patients. Elevated levels of IFN-γ, IL-10 and IL-5 were found in both CFS/ME and MS. In the MS cohort, the results were consistent with the majority of findings from previous studies, where general elevation of pro-inflammatory, some anti-inflammatory, Th1 and Th2 cytokines has been observed [102] . However, results for CFS/ME cytokine levels, including IFN-γ [37] [103], IL-10 [6] [10], IL-17 [8] , and IL-12 [6] [8], conflicted with previous findings. This is likely due to the heterogeneity of CFS/ME [102] . Additionally the use of the ICC [1] as opposed to the more commonly used 1994 CDC definition [104] , may have played a role in differential results. A study comparing the results of cytokines across differing definitions could help resolve conflicting findings of previous studies. Additionally different subgroups of CFS/ME, based on symptomology and severity, may present with differing cytokine profiles, and this may be an area for future research. A longitudinal study with multiple time points would be more suitable to assess cytokine profiles. Furthermore isolation of immune cells to determine specific cytokine secretion from different cell types may provide more detailed insight into CFS/ME pathophysiology. Lastly CFS/ME patients are known to administer multiple medications, which may affect cytokine secretion. Analysis of these interactions and effects could be an important area for further research.
